
Human Computer Interaction 
- Augmented/Virtual Reality -

Felix G. Hamza-Lup, Ph.D

Associate Professor, Director NEWS Lab

Computer Science and Information Technology

Armstrong Atlantic State University

Savannah, Georgia, USA

Felix G. Hamza-Lup, Ph.D  - Fulbright Specialist 2013 
(Thailand)

1



Outline

ÅBackground Terms

ÅApplications
üCommercial 
üPrototype/Concepts

ÅComponents
ü3D/2D Visualization Systems
üMotion Tracking Systems
üGraphic Rendering System
üSpecific Processes/Methods
üSoftware

Felix G. Hamza-Lup, Ph.D  - Fulbright Specialist 2013 (Thailand) 2



Background Terms

ÅHuman Computer Interaction
Å5 senses

ÅMultimodal Interaction

ÅReality-VirtualityContinuum
ÅAugmented Reality (AR)

ÅAugmented Virtuality (AV)

ÅMixed Reality (MR)

ÅVirtual Reality (VR)
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Human Computer Interaction (HCI)

ÅHCI - the study, planning, and design of the interaction between human 
users and computers

ÅComputer side - knowledge from: 
Åcomputer graphics,  
Åprogramming languages,
Åalgorithms

ÅHuman side - knowledge from: 
Åcommunication theory, 
Ågraphic and industrial design, 
Ålinguistics, 
Åsocial sciences, 
Åcognitive psychology 
Åhuman factors
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Input/Output- Communication Channels

Å5 senses όƻǊ ƳŀȅōŜ ƳƻǊŜ Χύ
ÅI hear(hearing), I see(vision), I do(haptic), taste, smell
ÅInput: all 5
ÅOutput: tactile, auditory and olfactivestimuli

ÅHistory of ArtificialStimuli:
1. Sounds (1900s  ςNikola Tesla - Radio)

2. Vision  - Remote Vision (Tele+Visor)
üNo sound, black/white, 2D

ü+Color
ü+ 3D ςWidespread by 2015 

3. Touch(Haptics) ς2010 (fast growth)

4. Taste ςdo we want to simulate this ?
5. Smell ςthis is possible, interesting to explore ?

1950

2010
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Multimodal Interaction

ÅLearningis about Knowledgetransfer:
ÅPeople must learn more today than 50, even 10 years ago (specially in technical fields)

ÅSame main methods for teaching & learning:
Åconcept understanding

Åsome level of memorization

ÅάI hear and I forget. I see and I remember. I do and I understandέςConfucius

ÅKnowledge transfer occurs through (social) interaction
ÅEngagement

ÅLƳƳŜŘƛŀǘŜ ŦŜŜŘōŀŎƪ όLƴǘŜǊŀŎǘƛǾŜ ǎǇŜŜŘ Χ ǎŜŎƻƴŘǎύ

ÅReal-world contexts (relate to real world contexts)
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What is AugmentedReality(AR)?

Å!ǳƎƳŜƴǘ Ґ άǘƻ ŀŘŘ ǎƻƳŜǘƘƛƴƎ ǘƻ όǎƻƳŜǘƘƛƴƎύ ƛƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ƻǊ ŎƻƳǇƭŜǘŜ ƛǘέ 

Webster Dictionary

ÅAR is the technology of putting (2D/3D) artificial (produced by a computer) images on top of 
(in register with) a realview so that the user can see both at the same time.

ÅAnARenvironment= a partially virtual, interactive
ÅPartially virtual: only some parts of the scene are computer generated, the majority is real.

ÅInteractive: needs real-time computation (and sometimes motion tracking)

ÅA visualization deviceΥ ǾƛǊǘǳŀƭ άōƭŜƴŘƛƴƎέ ǿƛǘƘ ǘƘŜ ǊŜŀƭ όн5κо5ύ

(!) Note: Currently The AR term is used in conjunction with visualaugmentation 
only, however it can have a more broader meaning of augmenting other senses.
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AR Example ς2D vs. 3D Augmentation

Å2D Augmentation - Labeling Å3D Augmentation 
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What is AugmentedVirtuality(AV)

ÅAV is the technology of putting a real view 
inside (in register with) virtualimages or 
information produced by a computer so that 
the user can see both at the same time.

ÅChroma Keying
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Reality-VirtualityContinuum

Mixed Reality

Reality - Virtuality (RV) Continuum*

Real Augmented

Reality (AR)

Augmented

Virtuality (AV)

Virtual

(VR)

(*) Milgram, Takemura, Utsumi, Kishino.  ñAugmented Reality: A class of displays on the reality-virtualitycontinuumò

MR LabHITL

50%
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Augmented vs. Virtual Reality

ÅVR: Replaces Reality
ÅImmersion in the computer generated environment
ÅDifficult to integrate components (not mobile)
ÅDifficult to adapt to

ÅAR: Enhances Reality
ÅSee-through displays
ÅNatural adaptation
ÅMobile (with the adventof Smart Phones)

ÅAR Characteristics
ÅInteractive, real-time computation
ÅVirtual Objects are registered in 2D and/or in 3D
ÅPosition/orientation (motion) tracking

2010

1990

2015 (?)

2000
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WhyAugmented Reality ?

ÅEnhance perceptionof, and interaction with the real world

ÅPotential for productivity improvements in real-world tasks 

ÅNew paradigms for 
ÅTraining (Teaching)
ÅInformation Distribution (Advertising)

ÅRelatively new field with many open research problems blending knowledge from
computer graphics, programming languages, algorithms, engineering etc.

ÅA true Multidisciplinary field of research
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Applications
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Commercial AR Applications

ÅSky Map
ÅAugments the night sky 

with constellation data

ÅOpen source

ÅDonated by Google
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Commercial AR Applications

ÅAugment IOS

ÅComputer Vision marker-based 
tracking

ÅAugments with 3D images of 
different objects

ÅMobile device video camera 
signal is Augmented (video-see-
through)
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Commercial AR Applications

ÅWorld Lens IOS

ÅTranslates 

ÅAugments labels
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AR in Advertising (Video Demos)

ÅSeveral demos of the use of Augmented Reality in advertising 
and hospitality management industry

(for more details please e-mail me)
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Prototype/Concepts ςMagic Book

(Courtesy: Mark Billinghurst)

ÅMagic Book Concept
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Prototype/Concepts ςAugmented Surfaces

(Courtesy: Jun Rekimoto)

ÅAugmented Surfaces Concept
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Components of a Typical AR System

ÅVisualization System
ÅHead Worn Display
ÅMobile System

ÅMotion Tracking System
ÅRegistration
ÅTechnologies
ÅActive vsPassive tracking

ÅGraphics Rendering System

ÅSpecific Processes/Methods

ÅSoftware - AR Toolkit

Felix G. Hamza-Lup, Ph.D  - Fulbright Specialist 2013 (Thailand) 22



Visualization Systems - Head Worn Display (HWD)

ÅVideo see-through
Åtraditional

Åhybrid

ÅOptical see-through
Åprojective (real image)

Åeyepiece (virtual image)
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HWD ςVideoSee-through
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Visualization Systems 
Mobile Systems (Smart Phones, Tablets) ςVideosee-through
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